Background: Etravirine is approved for use in treatment-experienced patients at a dose of 200 mg twice daily. Efavirenz has been associated with greater increases in serum lipids compared with other non-nucleosides in randomized trials of first-line treatment.
Introduction
International HIV treatment guidelines recommend first-line use of two nucleoside reverse transcriptase inhibitors (NRTIs) with either a non-nucleoside reverse transcriptase inhibitor (NNRTI) or a boosted protease inhibitor (PI) to achieve full HIV RNA suppression below assay detection limits. 1 -3 Of the non-nucleosides, 600 mg of efavirenz once daily is the most widely recommended, owing to the high rates of efficacy seen in large randomized trials. 1 -3 The main risks associated with the use of efavirenz are neuropsychiatric adverse events, 4 rash 5 and increases in lipids. 6 While these problems may be mild and self-limiting for most patients, there is the risk of serious and/or long-term toxicity in a small percentage of patients. 4 -6 There is also the potential for teratogenicity if efavirenz is used in pregnant women. 7 The association between increases in serum lipids during antiretroviral treatment and the risk of cardiovascular disease or lipodystrophy is not well understood. However, people with HIV typically have a high prevalence of other pre-existing risk factors for cardiovascular disease, 8 and long-term elevations in lipids above accepted thresholds 9, 10 should be avoided where possible.
In randomized clinical trials, first-line treatment with efavirenz has been associated with greater mean increases in total cholesterol than the non-nucleosides nevirapine 11 and rilpivirine, 12 ,13 the integrase inhibitor raltegravir 14 and the CCR5 antagonist maraviroc. 15 In the ACTG 5202 trial, mean increases in lipids during first-line treatment with efavirenz were significantly larger than with the protease inhibitor atazanavir/ritonavir. 16 In a systematic review of first-line trials, first-line use of efavirenz led to similar increases in total cholesterol compared with atazanavir/ritonavir or darunavir/ritonavir, but these increases were smaller compared with other protease inhibitors, i.e. lopinavir/ ritonavir or fosamprenavir/ritonavir. 6 Among the nucleoside analogues, treatment with tenofovir/lamivudine or tenofovir/ emtricitabine leads to smaller increases in lipids compared with abacavir/lamivudine or zidovudine/lamivudine. 6 The non-nucleoside etravirine is currently approved for use in treatment-experienced patients at the 200 mg twice daily dose. Pharmacokinetic studies have evaluated the 400 mg once daily dose of etravirine. 17 In the DUET trials, conducted in highly treatment-experienced patients, there was no difference in mean lipid elevations between the etravirine and placebo arms. 18 The SENSE trial was designed to evaluate the safety and preliminary efficacy of first-line use of etravirine versus the standard of care of efavirenz, both combined with two investigatorselected nucleoside analogues, for 48 weeks. The primary endpoint of the trial was to compare the neuropsychiatric adverse events at Week 12 between the arms, and the results have been published previously. 19, 20 In addition, the SENSE trial was designed to evaluate the preliminary efficacy and safety of first-line treatment with etravirine 400 mg once daily plus two nucleoside analogues. The purpose of this analysis was to compare the changes in lipids from first-line treatment with efavirenz or etravirine given in combination with different nucleoside analogues.
Methods
The SENSE trial recruited 157 antiretroviral treatment-naive individuals from Europe, Russia and Israel with HIV RNA levels .5000 copies/ mL. 19, 20 Patients were randomized to receive either 400 mg of etravirine once daily or 600 mg of efavirenz once daily, together with two investigator-selected nucleoside analogues (either tenofovir/emtricitabine, abacavir/lamivudine or zidovudine/lamivudine). Etravirine was administered as four 100 mg tablets once daily (or matching placebo) and efavirenz was administered as a single 600 mg tablet once daily (or matching placebo). Subjects were instructed to take etravirine or matching placebo in the morning with breakfast and then efavirenz or matching placebo in the evening on an empty stomach, ideally at bedtime.
Randomization was conducted centrally, with the sequence generated by the trial statistician. Randomized blocks were generated for each stratum (HIV RNA .100000 versus ,100000 copies/mL at screening).
Patients attended study visits at screening, baseline and then Weeks 2, 6, 12, 24, 36 and 48. There was a follow-up visit 2 -8 weeks after Week 48 when the patients were unblinded. Samples were drawn for measurement of lipids under fasting conditions. Patient samples were tested for total cholesterol, low-density lipoprotein (LDL, direct), high-density lipoprotein (HDL) and triglycerides at a central laboratory. Adverse events were recorded on the Case Report Form. At the Week 48 visit, there were 56 patients in the etravirine arm and 62 in the efavirenz arm with lipids evaluated; the remaining patients had discontinued trial medication before Week 48.
Clinical and laboratory abnormalities were classified using the Division of AIDS grading tables. 10 This system classifies adverse events as grade 1 (mild), grade 2 (moderate), grade 3 (severe) or grade 4 (life-threatening).
Investigators recorded the duration of adverse events and judged whether they were related to randomized medication. The MedDRA coding dictionary was then used to classify adverse events into system organ classes and individual categories.
Statistical methods
The primary endpoint was the percentage of patients with at least one grade 1 -4 treatment-emergent, drug-related neuropsychiatric adverse event at the Week 12 analysis. The sample size was determined assuming 90% statistical power, a two-sided significance level of 5% and rates of neuropsychiatric adverse events consistent with previous clinical trials of efavirenz. 4 -6 Analysis of lipids was a secondary endpoint. The analyses of lipids were included in the trial protocol and statistical analysis plan, with no changes made during the course of the trial.
Mean changes from baseline in each parameter were calculated by treatment arm and according to the use of investigator-selected nucleoside analogues. Multiple linear regression was used to correlate changes in lipids with treatment arm and use of nucleoside analogues. The number of patients with grade 3 or 4 elevations in lipids was analysed by treatment arm.
Ethics
Written informed consent was obtained from all participating individuals prior to study entry. Trial protocols were reviewed and approved by the appropriate institutional Ethics Committees and Health Authorities, and were undertaken in accordance with the Declaration of Helsinki and good clinical practice (GCP). Clinicaltrials.gov identifier: NCT00903682.
Results
Baseline characteristics of the 157 randomized patients are shown in Table 1 and were well balanced between the treatment arms. The patients were predominantly male Caucasians, with a mean age of 38 years. The most common mode of HIV transmission was men having sex with men (79 patients, 50%). The nucleoside analogues used were tenofovir plus emtricitabine for 94 patients (60%), abacavir plus lamivudine for 41 patients (26%) and zidovudine plus lamivudine for 22 patients (14%). Lipid levels were well balanced between the treatment arms. At baseline, 44% of patients in each treatment arm had HDL levels ,1.06 mmol/L (40 mg/dL), which is an accepted cut-off level by the ATP-III classification system. 9 Figure 1 shows the mean lipid levels during the 48 weeks of the trial. There was an increase in total cholesterol in the efavirenz arm, from 4.2 to 5.2 mmol/L, compared with a smaller increase in the etravirine arm, from 4.3 to 4.7 mmol/L. In univariate analysis, the increase in total cholesterol to Week 48 was significantly larger in the efavirenz arm (P,0.001). There was also an increase in LDL cholesterol (direct) from baseline to Week 48 in the efavirenz arm, from 2.4 to 3.0 mmol/L, compared with a smaller increase in the etravirine arm, from 2.6 to 2.8 mmol/L. In univariate analysis, this increase was also significantly larger in the efavirenz arm (P ¼ 0.001). The mean levels of HDL rose significantly more in the efavirenz arm (from 1.0 mmol/L at baseline to 1.3 mmol/L at Week 48) than in the etravirine arm (from 1.1 mmol/L at baseline to 1.2 mmol/L at Week 48) (P ¼ 0.028). Consequently, the mean ratio of total to HDL cholesterol declined from baseline to Week 48 by 20.3 in the etravirine Fä tkenheuer et al.
arm and 20.4 in the efavirenz arm. There was no difference between the arms in this ratio at Week 48. Table 2 shows results from an exploratory multivariate analysis to determine the relative impact of nucleoside analogues used versus non-nucleosides on increases in lipids to Week 48. In these analyses, the use of efavirenz remained a significant predictor of larger increases in total cholesterol (+0.61 mmol/L compared with etravirine, P,0.001), but the use of abacavir/ lamivudine also led to larger increases in total cholesterol (+0.47 mmol/L, P ¼ 0.005) compared with tenofovir/emtricitabine. Use of efavirenz was also a significant predictor of larger increases in LDL cholesterol (+0.35 mmol/L compared with etravirine, P ¼ 0.005); the additional effect of abacavir/lamivudine was borderline significant (+0.24 mmol/L compared with tenofovir/emtricitabine, P ¼ 0.09). Efavirenz was associated with larger increases in HDL cholesterol (+0.15 mmol/L compared with etravirine, P,0.001) and triglycerides (+0.33 mmol/L compared with etravirine, P ¼ 0.033); there was no additional effect of different nucleoside analogues on changes in these lipid parameters. Table 3 shows the number of patients in each arm with grade 3 -4 laboratory abnormalities at any time during the trial. There was one patient in the etravirine arm with a grade 3 elevation in total cholesterol versus six (8%) in the efavirenz arm; two patients had grade 3 elevations in LDL in the etravirine arm versus eight (10%) in the efavirenz arm. Two patients in the efavirenz arm had grade 3 elevations in triglycerides, versus none in the etravirine arm. At Week 48, the percentage of patients with HDL ,40 mg/dL (,1.06 mmol/L) was 20/56 (36%) in the etravirine arm, versus 9/62 (15%) in the efavirenz arm; at baseline, the percentage with HDL ,1.06 mmol/L was 44% in both treatment arms.
During the trial, 21/79 patients in the etravirine arm (27%) and 33/78 patients in the efavirenz arm (42%) reported at least one grade 2-4 adverse event judged to be at least possibly related to randomized treatment by the investigator. Seven of these 54 patients had lipid-related grade 2-4 adverse events. One patient in the etravirine arm had palpitations, while six patients in the efavirenz arm had elevations in lipids also reported as adverse events.
Use of lipid-lowering drugs in the trial was infrequent: one patient in the etravirine arm used fish oil, while six patients in the efavirenz arm used lipid-lowering drugs (two used pravastatin, four used fish oil). The analyses were repeated, excluding patients who were taking lipid-lowering drugs. The mean changes in lipids were consistent with the main analyses after exclusion of these patients (data not shown).
Discussion
In the SENSE trial, there were larger mean increases in total cholesterol, LDL, HDL and triglycerides for patients randomized to efavirenz compared with those on etravirine. There was an additional effect of nucleoside analogues on lipid elevationspatients receiving abacavir/lamivudine had greater increases in total cholesterol and LDL compared with patients receiving tenofovir/emtricitabine. In addition, more patients in the efavirenz arm had grade 3 or 4 elevations in total cholesterol, LDL or triglycerides. However, the mean ratio of total cholesterol to HDL remained stable over the 48 weeks of the trial in both arms.
The differences in lipids between etravirine and efavirenz in the SENSE trial are consistent with other randomized trials of first-line treatment, where efavirenz has shown larger mean increases in lipids than other non-nucleosides. 11 -13 Other studies have also shown similar effects of nucleoside analogues on lipid elevation. 6 In the SENSE trial, the number of patients receiving each of the three combinations of nucleoside 1 (1) 6 (8) ZDV, zidovudine; 3TC, lamivudine; ABC, abacavir; TDF, tenofovir; FTC, emtricitabine; MSM, men who have sex with men.
Etravirine and efavirenz: lipids 687 JAC analogues was limited, and this limits the statistical power to detect differences between nucleoside analogues. The SENSE trial did not include analysis of other lipid markers, such as apolipoproteins, which have been evaluated in other studies. 21 The clinical implications of increases in lipids during treatment with efavirenz are unknown. Long-term follow-up in large-scale cohort studies has shown a higher cardiovascular risk from treatment with abacavir and certain protease inhibitors, but not from efavirenz treatment. 22 No difference in cardiovascular risk between efavirenz and nevirapine has been shown in cohort studies. 23 Whereas there were greater increases in total cholesterol and LDL in the efavirenz arm of the SENSE trial, there were also greater increases in HDL, and the ratio of total cholesterol to HDL did not differ between the arms at Week 48. Conventional cardiovascular risk equations use a combination of total cholesterol and HDL to predict cardiovascular risk, 24, 25 while some also use LDL. 26 It is unclear whether a patient with elevations in both total cholesterol and HDL, but no difference in the ratio, will have an increased risk of cardiovascular disease. In a study of first-line treatment similar to the SENSE trial evaluating nevirapine and atazanavir/ritonavir, the changes in lipids observed were not large enough to affect Framingham scores for cardiovascular risk. 21 Patients may be able to reverse elevated lipids during antiretroviral treatment by changes in lifestyle, 27 although lipid-lowering drugs may not be as effective as in patients without HIV infection. 28 In the SENSE trial, there were fewer grade 2 -4 drug-related adverse events in the etravirine arm, in addition to the observed benefits in lipids. In addition to lipid elevations, there may be other adverse events that influence decisions on using nonnucleosides, such as neuropsychiatric adverse events or rash. The main benefit of etravirine over efavirenz in the SENSE trial was a lower risk of neuropsychiatric adverse events. 19, 20 In the 2NN trial there were fewer elevations in lipids for patients Fä tkenheuer et al.
taking nevirapine versus efavirenz, but there was a higher risk of rash in the nevirapine arm. 11 The SENSE trial only involved 157 patients in total, and larger, long-term trials are needed to establish the safety and efficacy of etravirine 400 mg once daily; currently this non-nucleoside is approved for use in treatment-experienced patients at the 200 mg twice daily dose.
